Background: Neutrophil-Lymphocyte count ratio (NLCR), a readily accessible biomarker, has become increasingly useful as predictive and prognostic tools in patients with various medical conditions. NLCR has also been reported to represent disease severity effectively. Aims and Objectives: To investigate NLCR on admission as a prognostic marker of bacteremia and inhospital mortality in patients diagnosed with Sepsis and Septic Shock. Materials and Methods: This cross-sectional, retrospective study involves one-hundred twenty (120) adult patients with Sepsis and Septic Shock admitted to the IMCU and ICU from January 2015 to December 2016. Laboratory data and clinical outcomes were retrieved and documented from the laboratory and patients' charts. A cut-off point of >10 was used to be a marker for bacteremia and hence, patients were stratified into two groups based on this cut-off. Out of 120, 78 patients (with mean age of 60) has NLCR of at least 10 while only 42 patients (with mean age of 55) has NCLR of at most 10. Results: A significant, strong and positive association between NLCR and in-hospital mortality was found (P=0.0001) indicating that an increased rate of mortality is observed for patients with persistently high NCLR. Results also indicated that NLCR is a significant predictor (P=0.0002) of in-hospital mortality via a logistic model. The receiver-operating characteristic (ROC) curve for NLCR predicting in-hospital mortality showed an area under the curve (AUC) of 0.8007 which is an indicative of high predictive power. Its sensitivity and specificity is calculated to be 97.37% and 93.18, respectively. Overall, the performance of NCLR as a predictor based on its computed hit rate is found to be approximately 93.33%.Conclusion: Increased NLCR levels were independently associated with unfavorable clinical prognosis in patients with sepsis. A high NLCR (>10) is significantly associated with in-hospital mortality. NCLR predicts in-hospital mortality with high accuracy, high precision and small misclassification.
INTRODUCTION
Sepsis and septic shock is becoming the leading cause of morbidity and mortality in both developed and developing countries like Philippines. A recent analysis of National Surgical Quality Improvement Project Database indicated that sepsis and septic shock were ten time more common that pulmonary embolism and myocardial infarction. Several biomarkers such as Procalcitonin and C-reative protein have been historically used as indicator of bacterial infection in sepsis and septic shock with very limited specificity and sensitivity, remains expensive in countries with low income and is not systematically used at hospitals, placing them in practical and out of reach from poor patients. Hence, the researcher would like to evaluate Neutrophil-Lymphocyte Count Ratio (NLCR) as an indicator of in-hospital mortality and bacteremia among sepsis and septic shock patients, considering that NLCR
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is a readily accessible biomarker, a lot cheaper and can be calculated based on a complete blood count.
A prospective, observational study 1 conducted by Hota et. al indicated that NLCR was found to be 86.2% sensitivity and 85.7% specificity, positive predictive value of 89.2% in predicting diagnosis and prognosis of sepsis which established that NLCR is a simple and effective prognostic marker of sepsis with low cost. Meanwhile, a study conducted by Ljungstrom 2 et. al showed NLCR performs better than PCT as a biomarker for bacteremia and severe sepsis in the emergency department. In this study, NCLR has significantly higher sensitivity than PCT at recommended cutoff levels for bacteremia.
NLCR can help discriminate Systemic Inflammatory Response Syndrome (SIRS) due to sepsis and could predict bacteremia. Early recognition of sepsis and prompt initiation of antibiotics is of utmost importance. Septic patients during admission may be unrecognized and awaiting blood culture results may take up to one week. Utilization of an inexpensive, readily available parameter for sepsis on admission like the NLCR may improve clinical outcomes and decrease morbidity and mortality associated with delayed management. Considering that NLCR is a readily accessible biomarker, a lot cheaper and can be calculated based on a complete blood count, this crosssectional, retrospective study aims to evaluate NLCR as an indicator of in-hospital mortality and bacteremia among Sepsis and Septic Shock patients.
MATERIALS AND METHODS
This cross-sectional retrospective study is based on patients admitted in ICU or IMCU at Rizal Medical Center study from January 1, 2015 to December 30, 2016 with the diagnosis of Sepsis and Septic shock patients. Clinical assessments by attending resident physician with blood culture, laboratory and radiologic findings were used for defining the criteria for admission. Diagnosis was also established based on clinical presentations, physical examinations and laboratory investigations. All patients with age at least 18 years old diagnosed with sepsis due to one of following infections: community acquired pneumonia, hospital-acquired pneumonia, ventilator associated pneumonia, urinary tract infection, pyelonephritis, intra-abdominal infection or primary bacteremia and whose blood sampling occurred within 24 hours from presentation of sepsis are included in this study. Patients with hematologic disease, HIV infection, recently or presently receiving chemotherapy or glucocorticoids, and with contaminated blood cultures were excluded in this study. Patients with incomplete data were also not considered. Sepsis was diagnosed on the presence of SIRS that has a proven or suspected microbial etiology while Septic Shock was defined as the sepsis with hypotension (arterial blood pressure <90 mmHg systolic, or 40 mmHg less than patient's normal blood pressure) for at least 1 hour despite adequate fluid resuscitation; or need for vasopressor to maintain systolic blood pressure ≥90 mmHg or mean arterial pressure ≥70 mmHg. Clinical data of all the patients were retrieved and documented from the medical records section and Department of Laboratory Medicine. All subjects were subjected to detailed history, physical examinations and relevant investigations. Venous sample was collected for routine hematological testing in 3 ml BD vacutainer containing K3 EDTA 5.4 mg(complete blood count).Blood cultures were extracted upon admission when clinically indicated. All blood cultures were incubated for five days and all isolates were identified by standard microbiologic procedures. Cultures from suspected source of infection such as urine, sputum, wound, endotracheal, pleural fluid and peritoneal fluid were also examined. Baseline complete blood count (CBC) was extracted during admission.WBC and NLCR were determined using the Sysmex XN-2000 automated hematology analyzer. The NLCR was calculated by dividing the neutrophil count with the lymphocyte count.
One-hundred twenty (120) patients were enrolled in this study as this is the minimum sample size requirement needed to provide 80% power of test with maximum allowable error of 5%.A cut-off of at least 10 was shown to be a marker for bacteremia which was based on the previous sensitivity of NLCR<=10 predicting positive blood culture of 89.66% and prevalence of positive blood culture of 46%. Hence, all patients were stratified into two groups, NLCR <=10 and NLCR > 10.
Descriptive statistics such as counts, summary statistics and percentages were computed to describe all patients included in the study. Chi-Square Test for Independence was utilized to determine the existence of significant association between NLRC and in-hospital mortality. Meanwhile, Binary Logistic Regression Model, Odds Ratio and Receiver operating characteristic (ROC) curves were used to assess the performance of NLCR in predicting in-hospital mortality. Sensitivities and specificities were also calculated to determine the overall predictive power of NLCR as prognostic marker of bacteremia.
RESULTS
A total of 120 patients were included in this study. Out of 120, 78 patients (with mean age of 60) has NLCR of at least 10 while only 42 patients (with mean age of 55) has NCLR of at most 10.As shown in Table 1 , a high percentage of females are observed in both groups which means that majority of the patients are females in this study. The top four comorbidities for patients with NLCR above 10 are Hypertension, Pulmonary, Diabetes Mellitus and Heart Disease. Meanwhile, the top comorbidities for patients with NLCR at most 10 are Hypertension, Diabetes Mellitus and Pulmonary.
Both groups have generally the same demographic profile in terms of proportion of above 60 years old (P=0.1641), gender split (P=0.6735) and presence of co-morbidities such as hypertension (P=0.2184) and diabetes mellitus (p=0.7083). Likewise, no significant difference was found on the proportion of Cancer (p=0.4288), kidney disease (p=0.7206), COPD (p=0.6839), Heart Disease (p=0.3394) pulmonary (p=0.3274) and Liver Disease (p=0.4599). The source of bacteria also turned out be not significantly different between the two groups. Sources considered are gastrointestinal (p=0.7890), genitourinary (P=0.1786) and soft tissue (p=0.9056).
As shown in Table 2 , there exists a significant association (P=0.0001) between NCLR and in-hospitality mortality with an estimated correlation of 0.7706 indicative of strong and positive association between the NCLR and inhospitality mortality. An increased in-hospital mortality rate is observed as the value of the NLCR increases, particularly, for patients with NLCR above 10.
The logistic model of NLCR and In-hospital mortality Table 3 showed that NLCR is a significant predictor of the latter. The odds ratio of 1.6372 indicates that the patients with NLCR above 10 are more prone to suffer with inhospital mortality. In particular, the odds of suffering in-hospital mortality of patients with NLCR above 10 is higher than the odds of those patients with NLCR at most 10 by approximately 63.7%.
NCLR also showed high sensitivity (97.37%), specificity (93.18%) and hit rate (93.33%) values which is an indication that NCLR is an effective and good predictor of in-hospital mortality among Sepsis and Septic Shock patients.
The area under the curve Figure 1 is also found to be 0.8007 which is an indicative of high predictive power and hence, a good indication of accuracy. The concordant index of the logistic model gives consistent results with the value of 0.797. Hence, NLCR predicts in-hospital mortality with high accuracy and small misclassification rate.
Moreover, the sensitivity of NLCR in predicting positive culture is only 68% while specificity is around 38.6%. The predictive value of NLCR for positive culture is 64.5 while for negative is 42.5. The area under the curve of NLCR in predicting positive blood culture is 0.533 which is indicative of moderately high predictive power.
DISCUSSION
Culture of microorganisms is the gold standard for confirming bacterial infection. However, it is timeconsuming in nature and is too expensive. Currently, In search for other infection markers, the NLCR which is computed by dividing neutrophil and lymphocyte count is a readily available parameter and may provide additional diagnostic value with no additional costs in septic patients. Although the available information is still far from sufficient to comprehend thoroughly the economic burden of sepsis on an international scale, current studies demonstrate that sepsis has been a serious public health problem. The patients with Septic shock have high risk of death, complications, and resource utilization Undoubtedly, the pivotal measure of improving outcome is to identify the septic patients with poor prognosis accurately.
The best of our knowledge, immune competent leukocyte plays an important role in the systemic inflammatory response to infection. Most of the prognostic scores use leukocytosis (above 12.0 × 109/L) or leukopenia (below 4.0 × 109/L) as a severity index, but few consider the leukocyte subpopulations. Significant differences exist between circulating neutrophil and lymphocyte counts and, consequently, their ratio referred to as the NLCR-has been increasingly used in the prediction of the severity or prognosis in different clinical settings, including systemic inflammation and sepsis, ischemic events and cancer. The cause responsible for NLCR elevations correlating with poor outcome in patients with sepsis remains unclear, although there are a variety of possible explanations. One of the most convincing explanations is based primarily on the physiological link between neutrophilia and lymphopenia with systemic inflammation and stress.
In this study, a total of 120 patients were included and divided into 2 groups based on the NLCR cutoff. Baseline demographics in both groups were similar. Gram positive septicemia was more common than gram-negative septicemia. Most common gram-negative organism isolated was Escherichia coli and pseudomonas accounting for 60% of the gram-negative bacteremia, and the most common gram-positive organism isolated was Streptococcus species accounting for 66% of the gram-positive bacteremia. The most common source ofinfection was respiratory tract (32.9%), followed by genitourinary tract (5.1%) then soft tissue infection (7.7%).
The existence of significant association between NLCR and in-hospital mortality, which was also proven in previous studies [3] [4] [5] [6] [7] , was found at 0.005 level of significance with correlation of 0.7706 indicative of positive and strong relationship between NLCR and in-hospital mortality. The positive sign of this correlation is a proof that that there is an increased in-hospital mortality rate as the value of the NLCR increases, particularly, for patients with NLCR above 10. The odds of suffering in-hospital mortality of patients with NLCR above 10 is 1.637 timesthan the odds of suffering in-hospital mortality of patients with NLCR at most 10. With this, the Neutrophil-lymphocyte count ratio is a good candidate of predicting the risk stratification in terms of in-hospital mortality among sepsis and septic shock patients. This finding is consistent to a prospective observational study conducted by Xuan Liu 8 et al.on prognostic significance of NLCR in patients with sepsis. Clearly, the risk of death was associated with neutrophil count increase lymphocyte count decrease, and subsequently, an increase in the NLCR in the patients with sepsis at the time of admission, which was indicated in these two studies.
In this study, a logistic model was created to explore further the association of NLCR and in-hospital mortality. Results showed that NLCR is a significant predictor and the odds of suffering in-hospital mortality are higher to those patients with NLCR above 10.
Favorable results were also obtained in accessing the performance of NCLR in predicting in-hospital mortality. The probability that the NLCR correctly classified patients who suffered in-hospital mortality was found to be 97.37% and the probability that the NLCR correctly classified patients who did not suffer in-hospital mortality was computed to be 93.18%.The overall performance of NCLR as a predictor of in-hospital mortality is found to be 93.33%. These findings confirmed the conclusion obtained from the study conducted by Yong Xia 9 et.al which showed that NLCR a good prognostic marker among sepsis patients as indicated by moderately high to high sensitivity and specificity values. A moderately high predictive power of NLCR as prognostic marker of positive blood culture is observed which is a similar finding from a studies 10, 11 that concluded that in an emergency care setting, NLCR is better predictor of bacteremia than routine parameters like CRP level, WBC count and neutrophil count.
CONCLUSION
Usefulness of Neutrophil Lymphocyte count ratioin risk stratification in Sepsis and Septic Shock patients was determined as NLCR is showed to be a good predictor of bacteremia and in-hospital mortality with high accuracy, significant classification rate and positively strong correlation. Patients with bacteremia and persistently high neutrophil lymphocyte have a significantly increased risk of mortality. Consequently, those patients with NLCR above 10 have higher risk of in-hospital mortality. Favorable results were also obtained in accessing the performance of NCLR in predicting in-hospital mortality.
This marker is simple, easily obtained and calculated, and in easy to integrate in daily practice without extra costs.In our setting, this simple and practical laboratory test may be utilized as one of the bases to stratify patients with sepsis syndrome, in lieu of the available but more expensive tests (e.g. Procalcitonin and CRP). It is a parameter that a clinician in an acute care and critical care setting may find useful in his or her choice of antibiotic regimen, further diagnostic examinations and choice of accommodation knowing the risk of mortality of his patients.
RECOMMENDATIONS
The retrospective study design is prone to bias, and we are unable to adjust for risk factors other than sex and age in the cox regression model. As with any retrospective review there are limitations in data available, a prospective Randomized Control Trails with further additional studies with larger population group to investigate the role of Neutrophil Lymphocyte as a prognostic factor in the severity of sepsis and its usefulness as a basis in modifying treatment. We have to look into the other possible cause of mortalities, other than infection.
